The current study examines changes in the postnatal hypothalamic angiotensin receptors by maternal protein restriction (LP), and its impact on in uteri programming of hypertension in adult life. The data show that LP male pup body weight was significantly reduced when compared to that of control (NP) pups. Also, immunoblotting analysis demonstrated a significantly decreased expression of type 1 AngII receptors (AT1 R ) in the entire hypothalamic tissue extract of LP rats at 12 days of age compared to age-matched NP offspring. Conversely, the expression of the type 2 AngII (AT2 R ) receptors in 12-day-and 16-week-old LP hypothalamus was significantly increased. The current data show the influence of central AngII administration on water consumption in a concentration-dependent fashion, but also demonstrate that the water intake response to AngII was strikingly attenuated in 16-week-old LP. These results may be related to decreased brain arginine vasopressin (AVP) expression appearing in maternal protein-restricted offspring. The present investigation shows an early decrease in fractional urinary sodium excretion in maternal protein-restricted offspring. The decreased fractional sodium excretion was accompanied by a fall in proximal sodium excretion and occurred despite unchanged creatinine clearance. These effects were associated with a significant enhancement in arterial blood pressure in the LP group, but the precise mechanism of these phenomena remains unknown.
Introduction
The concept of fetal programming suggests that the fetus is programmed in uteri to develop a number of adult diseases, including arterial hypertension and diabetes mellitus. 1 Intrauterine growth restriction (IUGR) has been associated with maternal low-protein intake and, although the specific nature of this condition is unclear, a number of mechanisms have been proposed. In uteri programming of hypertension via alteration of the renin angiotensin system (RAS) before birth has attracted great attention. Since these initial discoveries, most intrinsic components of the RAS, including angiotensinogen, angiotensin and converting enzymes, have been well described and demonstrated in different areas of the central nervous system (CNS). 2 Notably, most previous studies in this field have focused on the peripheral angiotensin receptors and its roles in prenatal imprinting. The challenge for us is to understand in depth the mechanisms by which antenatal stress may alter normal neurophysiology of the brain RAS.
The role of the CNS in the control of blood pressure and hydrosaline homeostasis has been demonstrated by several studies. 3, 4 The existence of an isolated brain RAS was proposed by the discovery of renin-like activity in the brain. 5, 6 On the other hand, the central role of the RAS in the control of blood pressure and hydroelectrolyte homeostasis has been demonstrated by several studies. [7] [8] [9] It acts specifically by activating at least two well-characterized transmembrane G-protein-coupled receptors belonging to the seven-transmembrane-spanning receptor family, angiotensin type 1 (AT1 R ) and type 2 receptor (AT2 R ). 10 Cell bodies at the subfornical organ (SFO), hypothalamic paraventricular nucleus (PVN), medial preoptic lateral nucleus (MnPO) and organum vasculosum of the lamina terminalis (OVLT) express high levels of AT 1 R, which respond rapidly to an AngII stimulus. 11 Most studies conclude that centrally administered AngII induces thirst by activating AT 1 R in neurons of the lamina terminalis area, [12] [13] [14] [15] whereas in the IUGR models that relationship has not yet been investigated. Also, the action of AT2 R in CNS function is not well known. Several lines of evidence indirectly suggest the role for endogenous vasopressin in the control of thirst; however, the effects of centrally applied arginine vasopressin (AVP) on water intake are less clear than those of AngII. Studies performed on dogs have demonstrated that vasopressin injected in the third ventricle stimulates water intake when its concentration in the cerebrospinal fluid (CSF) is confined within the physiological range, but not when it reaches the supraphysiological level. 16 Also, AVP has been reported to significantly augment motivational drinking in rats. 17 The physiological regulatory role of brain-derived AVP and AngII in the control of water intake awaits further examination.
The current study examines changes in the postnatal hypothalamic angiotensin receptors by maternal protein restriction, and its impact on in uteri programming of hypertension in adult life. Taking into account the above findings, the purpose of the present study, first, was to determine whether maternal protein restriction during whole pregnancy alters the hypothalamic expression and function of AT1 R , AT2 R and AVP in 12-day-and 16-weekold maternal low-protein ingestion (LP) offspring; these data were compared with those of age-matched appropriate normal-protein ingestion (NP) controls. Since the long-term changes in water and electrolyte homeostasis may be associated with arterial hypertension development, we also hypothesized that maternal proteinrestricted programming hypertension may result, at least in part, from altered AT1 R and AT2 R expression in association with changed water intake and urinary sodium excretion in the LP offspring. To test this hypothesis, the present study also evaluates the influence of central AngII injection, in increasing concentrations, on water intake and urinary sodium handling, evaluated by lithium clearance in conscious LP rats, compared with their appropriate NP controls.
Materials and methods

Animals
The experiments were conducted on age-matched, female offspring of sibling-mated Wistar rats (0.250-0.300 kg) allowed free access to water and normal rat chow. The general guidelines established by the Brazilian College of Animal Experimentation (COBEA) were followed throughout the investigation. Our local colonies originated from a breeding stock supplied by the University of Campinas Animal Breeding Center, Campinas, SP, Brazil. Immediately after weaning at three weeks of age, the animals were maintained under controlled temperature (25 o C) and lighting conditions (0700 h-1900 h), with free access to tap water and standard rodent laboratory chow (Nuvital, Curitiba, PR, Brazil with Na + content: 135 ± 3 µEq/g; K + content: 293 ± 5 µEq/g) and followed up to 12 weeks of age. Animals were mated, and the day that sperm were seen in the vaginal smear was designated as day one of pregnancy. The dams were maintained on isocaloric standard rodent laboratory (with normal protein content (NP), 17% protein) or lowprotein content (LP) (6% protein) chow ad libitum intake throughout the entire pregnancy. All groups returned to the NP chow intake after delivery. Food consumption was determined every day (subsequently normalized for body weight), and body weight was recorded once a week. The male pups were weighed, followed and maintained with normal chow until adulthood.
Blood pressure measurement
The systemic arterial pressure was measured in conscious six-, eight-, 10-, 12-, 14-and 16-week-old rats (LP n=12 and NP n=12) by an indirect tail-cuff method using an electrosphygmomanometer (Narco Bio-Systems, Austin, TX, USA) combined with a pneumatic pulse transducer/amplifier. This indirect approach allowed repeated measurements with a close correlation (correlation coefficient = 0.975), compared to direct intra-arterial recording. [18] [19] [20] The mean of three consecutive readings represented the blood pressure.
Surgical procedures
For AngII thirst-induction evaluation, male 16-week-old NP and LP (250-320 g) were chronically instrumented with an intracerebroventricular (i.c.v.) guide cannula and kept under controlled temperature (25 o C) and light conditions (0700 h to 1900 h) in individual metabolic cages, with free access to tap water and standard laboratory rodent chow for seven days before the experiments. Briefly, the animals were anesthetized with sodium pentobarbital (50 mg/kg body weight, intraperitoneally (i.p.)) and, after loss of corneal and pedal reflexes, were positioned on a Stoelting stereotaxic apparatus. A 23-gauge guide stainless steel cannula with an indwelling 30-gauge obturator was stereotaxically implanted into the lateral cerebral ventricle (LCV) using previously reported techniques and pre-established coordinates: anteroposterior, 0.2 mm from bregma, lateral 1.5 mm and vertical -2.8 mm. 14, 15 Rats were allowed a one-week recovery before testing for cannula patency and position. Cannulas were considered patent and correctly positioned by Evans blue infusion through the i.c.v. at the end of the experiments.
Protocols for AngII thirst-induction evaluation
Before the experiments, the animals' (16-week-old NP and LP) water supply was removed from the home cage. The indwelling obturator was replaced by a 30-gauge stainless steel injector at the end of PE-10 tubing connected to a 10 µl Hamilton syringe entirely loaded with test solution. Immediately afterwards, AngII (at the doses stated in Figure 1 for dose-response evaluation, in 2 µl saline for the remaining experiments) or a similar volume of saline (vehicle), was injected into the lateral ventricle in a different group of animals. To examine the thirst-induced effect after i.c.v. AngII administration, rats were randomly assigned to one of the following protocol groups: (a) i.c.v. 0.15 M NaCl injection: rats received 2 µl saline and the volume of water consumed was measured during the next 30 min; (b) i.c.v. dose-response AngII (at 40 pmol to 40 nmol) injection: rats received 2 µl AngII and the volume of water consumed was measured during the next 30 min. 14, 15 
Renal function evaluation
The renal function tests were performed at eight and 16 weeks of age in unanesthetized, unrestrained NP (n=6) and LP (n=6) male rats. Briefly, 14 hours before the renal test, 60 µmol LiCl 100g -1 body weight was given by gavage. After an overnight fast, each animal received a load of tap water by gavage (5% of the body weight), followed by a second load of the same volume, one hour later, and spontaneously voided urine was collected over a 120-min period into a graduated centrifuge tube. At the end of the experiment, blood samples were drawn through the cardiac puncture in anesthetized rats and urine and plasma samples were collected for analysis. [17] [18] [19] 
Western blot
Brain tissue extraction and immunoblotting was performed as described below. Briefly, NP (n=4 for each age) and LP (n=4 for each age) rats (12 days and 16 weeks old), not chronically instrumented with an i.c.v. guide cannula, were anesthetized and subjected to craniotomy. Hypothalamus were obtained and homogenized in freshly prepared icecold buffer (1% Triton X-100, 100 mM Tris, pH 7.4, 100 mM sodium pyrophosphate, 100 mM sodium fluoride, 10 mM ethylenediamine tetraacetic acid (EDTA), 10 mM sodium vanadate, 2 mM phenylmethylsulfonyl fluoride (PMSF) and 0.01mg aprotinin/ml). Insoluble material was removed by centrifugation (10,000 g) for 25 min at 4 o C. Protein quantification was performed using the Bradford method. For immunoblotting of total protein extracts, 0.2 mg total protein were suspended in Laemmli sample buffer, boiled for 5 min and loaded onto the electrophoresis gel. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), electrotransfer and blot followed the same steps as described above for immunoblotting. The nitrocellulose transfers were probed with specific antibodies (AT1 R 1:1000, AT2 R 1:1000). The blots were subsequently incubated in peroxidase-conjugated secondary antibodies (1:10.000). Immunoreactive bands were detected using the enhanced chemiluminescence method (RPN 2108 ECL Western Blotting analysis system; Amersham Pharmacia Biotech, Piscataway, NJ, USA) and detected by pre-flashed Kodak XAR film. Band intensities were quantified by optical densitometry of developed chemiluminescence (Scion Image software, ScionCorp, Frederick, MD, USA). To ensure equal loading, membranes were stained with Coomassie Brilliant Blue dye before blotting. As shown in Figure 4 , all membranes were also incubated with β-actin antibody to discard possible inequalities in protein loading and/or transfer. Only homogeneously stained membranes were employed in the study.
Brain immunohistochemical analysis for vasopressin, AT1 R and AT2 R
Sixteen-week-old male rats from the NP (n= 3) and LP (n= 3) groups were used. The rats were anesthetized with a mixture of ketamine (75 mg kg-1body weight, i.p.) and xylasine (10 mg kg-1body weight, i.p.), and the level of anesthesia was controlled by monitoring the corneal reflex and perfused by the left carotid artery with saline containing heparin (5%) for 15 min under constant pressure. This was followed by perfusion with 0.1 M phosphate buffer (PB; pH 7.4) containing 4% (w/v) paraformaldehyde and 0.1 mol/L (M) sucrose for 25 min. After the perfusion, brains were immediately removed and placed in the same fixative for 2 h, followed by phosphate buffer solution (PBS) containing 0.1% glycine for 30 min and PBS containing 15% (w/v) sucrose overnight at 4°C. The following day, the tissues were placed in an optimal cutting temperature (OCT) compound cryoprotector (Tissue-tech), freezethawed in liquid nitrogen and stored at -75°C. Serial cryostat sections 40 µm thick were cut coronally on a Leica cryostat at -25°C. Proteins expression was immunohistochemically detected using the avidin-biotin-peroxidase method. Briefly, after inactivating the endogenous peroxidase activity with hydrogen peroxide, free-floating sections were incubated in nonfat milk for 60 min, primary antibodies (AT1 R 1:500, AT2 R 1:300, vasopressin 1:500) overnight. Then, the sections were incubated for 2 h in either rabbit or goat secondary antibody (1:400) conjugate and avidin-biotinperoxidase solution. Chromogen color was accomplished with 3,3′-diaminobenzidine tetrahydrochroride (DAB, Sigma-Aldrich Co., St. Louis, MO, USA) as the substrate to demonstrate the sites of peroxidase binding. The sections were mounted on silane-coated slides that were counterstained with Harris's hematoxylin.
Antibodies and chemicals
SDS/PAGE and immunoblotting reagents were obtained from Bio-Rad (Richmond, CA, USA). Hepes, PMSF, aprotinin, dithiothreitol, Triton X-100, Tween 20, glycerol, AngII and bovine serum albumin (BSA) (fraction V) were from Sigma Chemical Co. (St Louis, MO, USA), and nitrocellulose membranes were from Amersham Corp. (Aylesbury, Bucks, UK). Antibodies against AT1 R , AT2 R , AVP (rabbit polyclonal, AB-1565 for immunoblotting) were from Millipore and Santa Cruz Biotechnology, Inc (Santa Cruz, CA, USA). Secondary antibodies and conjugated complexes utilized in immunohistochemistry were from Vector Laboratories, Inc (Burlingame, CA, USA). Sodium pentobarbital was from Cristália (São Paulo, Brazil).
Data presentation and statistical analysis
All numerical results are expressed as the mean ± SD of the indicated number of experiments. Plasma and urine sodium, potassium and lithium concentration were measured by flame photometry (Micronal, B262, São Paulo, Brazil), while the creatinine concentrations and plasma osmolality were determined spectrophotometrically (Instruments Laboratory, Genesys V, Lexington, MA, USA) and by Wide-range Osmometer (Advanced Inst. Inc, Norwood, MA, USA), respectively. Creatinine clearance was used to estimate glomerular filtration rate (GFR), and lithium clearance (C Li ) was used to assess proximal tubule output. [18] [19] [20] Fractional sodium excretion (FE Na ) was calculated as C Na / C Cr × 100, where C Na is sodium clearance and C Cr is creatinine clearance. The fractional proximal (FEP Na ) and postproximal (FEPP Na ) sodium excretion was calculated as C Li / C Cr × 100 and C Na /C Li × 100, respectively. Data obtained over time were analyzed using appropriate analysis of variance (ANOVA). Post hoc comparisons between selected means were performed with Bonferroni's contrast test when initial ANOVA indicated statistical differences between experimental groups. Comparisons involving only two means within or between groups were carried out using a Student's t test. The results of blots are presented as direct comparisons of bands in autoradiographs and quantified by densitometry using Scion Image software (ScionCorp). The Tukey-Kramer test (ANOVA) was used for statistical analysis. The level of significance was set at p≤0.05.
Results
There were no significant differences between plasma sodium, potassium, lithium, osmolality and urine flow ( Table 1) in NP rats compared with the LP group. In general, food intake and therefore sodium intake were similar when normalized by body weight in male offspring of NP and LP groups during the investigation. The LP male pup body weight was significantly reduced when compared to that of NP pups (5.83±0.6g vs. 6.60±0.3g, respectively, p=0.0004). However, the body masses at 12 days old (p=0.1029) and 16 weeks old (p=0.4987) were similar to those observed in the NP age-matched group ( Table 1) . The arterial blood pressure increased significantly more in LP than in NP rats from six to 16 weeks of age; LP pressure increased from 116.2±6.5 mmHg to 137.9±6.9 mmHg (n = 12, p=0.01) as compared with a smaller and non-significant rise from 114.0±7.4 mmHg to 118.8±8.7 mmHg in NP. In LP, the significant rise in arterial pressure appeared after 12 weeks of age (Figure 1 ). 137.9 ± 6.9* consumption were significantly higher in NP rats when compared to LP animals (p=0.0302, see Figure 2 
Dose-response curve to AngII-induced water intake response
Renal function data
The data for renal function in the eight-and 16-week-old offspring of both (NP and LP) groups are summarized in Figure 2 . The urinary flow rates (Table 1, Figure 3 ) and the GFR, estimated by C Cr after oral water load did not significantly differ among the groups during the renal tubule sodium handling studies. Fractional urinary sodium excretion (FE Na ) was significantly lower in LP rats beyond eight weeks old when compared with the NP age-matched group, as follows: LP eight week: 0.74±0.03% vs. NP eight week: 0.95±0.07% (p=0.0001) and LP 16 week: 0.72±0.03% vs. NP 16 week: 1.05±0.1% (p=0.0001), respectively. The decreased FE Na in LP rats was accompanied by a significant decrease in proximal sodium excretion (FEP Na ), compared with the NP age-paired control group (p=0.01). This decreased FE Na occurred despite unchanged C Cr and a significant increase in FEPP Na in the eight-week-old (LP: 1.08±0.13% vs. NP: 0.84±0.11%, p=0.006) as well as 16-week-old offspring (LP: 1.12±0.15% vs. NP: 0.73±0.14%, p=0.002) (Figure 2 ). This consistent fall in FE Na , FEP Na and enhancement in FEPP Na, produced by protein-intake restriction during pregnancy, was followed by unaffected kaliuresis in the entire experimental group of the present investigation.
Western blot analysis of AT1 R and AT2 R expression
Western blot analysis in male offspring of NP and LP rat hypothalamus at 12 days old and 16 weeks old yielded a single band at the expected weight of corresponding proteins. The expressions of AT1 R proteins studied in the whole hypothalamic tissue extracts of 12-day-old LP rats were significantly lower when compared to those of NP rats (Figure 4 ). For AT1 R , the reduction was 19.71% when compared to the NP group at the same age (p=0.0243). However, the hypothalamic expression of AT1 receptor at 16-weekold LP was not equal to that of the NP offspring (p=0.4678). Conversely, the expression of the AT2 R proteins in the hypothalamus of 12-day-old (p=0.0212) and 16-week-old LP offspring (p=0.0489) was significantly increased when compared with the age-paired NP group (Figure 4) . The whole hypothalamic AT1/AT2 receptors ratio calculated from normalized densitometry bands showed a reduction of 27.31% and 24.1%, respectively, to 12-day-and 16-weekold LP offspring when compared to the age-matched NP group.
Immunohistochemical analysis of hypothalamic AT1 R , AT2 R and AVP protein localization
In 16-week-old NP the hypothalamic AVP immunoreactivity was markedly observed in the dorsomedial hypothalamic nucleus and in the retrochiasmatic part of the supraoptic (SO) nucleus. Comparatively, the 16-weekold LP offspring presented reduced immunoreactivity of vasopressin in these similar areas ( Figure 5 ). Although whole hypothalamic AT1 R expression was similar after immunoblotting, the AT1 receptors' immunoreactivity was reduced in the PVN and SFO of hypothalamic structures and unchanged SO nucleus in LP rats when compared to NP offspring ( Figure 6 ). Increased AT2 R immunoreactivity was observed in all studied hypothalamic structures in LP rats when compared with agematched NP offspring (Figure 7) . 
Discussion
Recent studies have shown that the CNS, during development, can be influenced by alterations in the intrauterine environment. 21 In uteri programming of hypertension via alteration of the RAS before birth has attracted great attention. Although the precise mechanism by which blood pressure rises in the LP offspring remains to be elucidated, renal control of the fluid and electrolyte balance is thought to play a dominant role in the long-term control of arterial blood pressure. Our data, confirming prior reports, indicate that LP kidneys even after higher blood pressure development excrete a lesser amount of salt under basal conditions than kidneys of NP rats. 22 The current study also confirmed that AngII, when microinjected into the lateral ventricle of conscious NP rats, produced a marked dipsogenic effect. 14, 15 Additionally, for the first time, we demonstrate that the dipsogenic effect of i.c.v. 4 nmol AngII was significantly lower in the LP offspring than in NP rats. These results may be related to the decreased AT1 R /AT2 R ratio appearing in LP offspring in neuronal areas related to water and salt balance.
Dysfunction of the fetal hypothalamus areas rich in AngII receptors can affect fetal tissue maturation and hence have profound consequences in postnatal life. 23, 24 Previous immunoblotting studies have shown a decrease in AT1 R in one-day-old LP rats 25 but an increase in AT1 R at four weeks of age, when these animals are still normotensive. 25, 26 The current studies, using 12-day-old rats, partially confirm these studies and demonstrate an early hypothalamic decreased AT1 R expression, by Western blotting (minus 20%), without recovery of AT1 R expression in the 16-weekold LP offspring when compared to the NP group. This unchanged AT1 R blotting in the whole hypothalamic extract of 16-week-old LP rats may indicate results of uneven AT1 R diencephalic nuclei expression as revealed by qualitative immunohistochemistry of different analyzed hypothalamic structures.
The AT1 R located on circunventricular organs (CVO) neurons may project for many other brain regions behind the blood-brain-barrier. [27] [28] [29] In the present study, the reduced AT1 R expression observed in the choroid plexus (chp) and PVN of LP offspring may indicate a reduced activation of the neural receptor ends by inborn and circulating AngII. Thus, the reduction of dipsogenic response to AngII i.c.v. administration in LP is possibly explained by lower hypothalamic AVP expression than observed in NP rats. Also, it is plausible to consider that the association of decreasing of AT1 R /AT2 R ratio, attenuated AngII dipsogenic response mediated by neural pathways with origin in CVO and natriuresis with higher blood pressure levels in adult LP offspring occur by the opposite action of AT2 to AT1 receptors in specific brain areas. 30 The second major isoform of the angiotensin receptor, AT2 R , is widely expressed at high levels in fetal tissues and decreases rapidly after birth. 31, 32 Alterations in AT2 R signaling may change the delicate balance between growth stimulation and inhibition, leading to alterations in development. Here, the hypothalamic expression of AT2 R presented a striking increase (about 45%), which is consistent with a previous report 32, 33 showing that AT2 R during fetal development and early age is up-regulated. While the discrepancy between our and a previous study showing that central AT2 receptor activation induces a decrease in blood pressure 33 remains unclear, we may suppose that antinatriuretic and hypertensive effects observed in the current study in the LP group may result from the lower ratio of AngII AT1/AT2 receptors expression found in LP offspring, compared with the NP group.
Accumulating evidence has demonstrated the magnocellular neuroendocrine cells of the hypothalamus are critical in the maintenance of arterial pressure and body fluid homeostasis by releasing AVP in respnonse to a variety of stimuli, at least in part modulated by AngII. 7, 15, 20, [34] [35] [36] [37] [38] [39] Our data support recent studies demonstrating that i.c.v. AngII can elicit a significant increase of plasma AVP and c-fos Figure 6 . AT1 receptors immunolocalization in brain transversal sections of 16-week-old rats. The immunoreactivity for this receptor was reduced in maternal protein restriction (LP) (B and D) when compared to controls (NP) (A and C). In A and B we have the regions surrounding the dorsal third ventricle (3V) and the choroid plexus (chp). In C and D we see the paraventricular nucleus (PVN) next to the third ventricle (3V). In the supraoptic nucleus (SO) we did not find differences in the immunolocalization of AT1 in LP (F) comparatively to NP (E). In the subfornical organ (SFO) the immunoreactivity found in LP (H) was much more intense than in NP (G). (Bregma -2.04 mm, based on 45 ). expression without altered plasma osmolality, sodium and hematocrit levels in rats. 40, 41 Additionally, this study has demonstrated functional neural projections from the hypothalamic dorsomedial nucleus (DM) to the SO and PVN nucleus by surgical lesion. Under basal conditions, we may hypothesize that decreased vasopressin expression, such as occurs in DM lesion experiments, may result in a decrease in magnocellular AVP mRNA levels in these nucleuses. 42 Several lines of evidence indirectly suggest the role for endogenous vasopressin in the control of thirst, although the effects of centrally applied AVP on water intake are less clear than those of AngII. Studies performed on dogs have demonstrated that vasopressin injected in the third ventricle stimulates water intake when its concentration in the CSF is confined within the physiological range, but not when it reaches the supraphysiological level. 16 Blockade of central AVP receptors has been found to inhibit osmotic thirst in the dog. 17 As we observed in the present study, it is also worthwhile mentioning that a significantly greater number of AVP-immunoreactive neurons have been found in the inbred polydipsic mouse. 43 So, current evidence strongly suggests that both central angiotensinergic and vasopressinergic systems play a significant role in the regulation of cardiovascular functions under physiological and pathophysiological conditions. The current investigation also shows an early and pronounced decrease in fractional urinary sodium excretion in LP offspring beyond eight weeks of age when compared to age-matched NP. The decreased FE Na was accompanied by a fall in FEP Na and occurred despite unchanged C Cr and enhanced FEPP Na . In this case, fluid is reabsorbed to the same degree, resulting in the concentration in the end of the proximal tubule being the same as in the beginning. In other words, the reabsorption in the proximal tubule is isosmotic without change in the plasma osmolality. These effects were associated with a significant extracellular isotonic expansion and supposedly an increase in arterial blood pressure in the LP group, but the precise mechanism of these phenomena remains unknown. While circulating AngII tends to retain sodium by a direct renal action, 8, 9 as well as through aldosterone release from the adrenal gland, stimulation of brain AngII receptors has been reported to induce natriuresis. 34, 35 The mechanism by which central AngII induces its natriuretic effects remains to be elucidated. Several possibilities may be considered. First, the CNS may directly influence renal sodium excretion through neural routes. Second, hemodynamic factors may be responsible for alterations in electrolyte excretion. Third, natriuresis may result from fluctuations in the level of neural-borne factors that influence tubular sodium handling. There is considerable evidence to support a role for the sympathetic nervous system in the control of urinary sodium excretion. 3, 4 Some neurons, as well, in the SFO, OVLT and MnPO that express AT1 R mRNA have polysynaptic connections to peripheral organs such as the kidney via renal sympathetic nerves. 28, 29 A previous study reported that, in conscious rats, central AngII induce an immediate reduction in efferent renal nerve and plasma renin activity. 44 Thus, we may hypothesize that a reduced hypothalamic AVP and AT1 R /AT2 R ratio expression could promote an attenuated urinary excretion of salt and water in LP offspring compared to the NP group. Taking into account the above data, in the present study the attenuated AngII dipsogenic and renal sodium excretion in LP offspring may be caused, a priori, by decreased expression of AT1 R /AT2 R ratio associated with a lower DM and SON AVP expression compared to age-matched NP animals. The mechanisms by which the fetal programming causes this disorder remain unknown and further studies are needed in this regard. It is therefore possible that the qualitative decrease observed in the hypothalamus type 1 AngII receptors expression in the adult LP progeny may be simply an adaptive down-regulation response that limits the fetal neural overstimulation and, consequently, minimizes the postnatal renal sodium transport.
In summary, we may hypothesize that, under protein-restriction conditions, the altered centrally applied AngII response, associated with decreased hypothalamic AT1 R /AT2 R ratio and AVP expression, may support a dysfunctional central angiotensin control on water-electrolyte balance in LP compared to NP offspring. Although the precise mechanism responsible for the subsequently enhanced sodium retention response in LP offspring rats is still unclear, the current data suggest that changes in hypothalamic functions are conducive to excess hydroelectrolyte tubule reabsorption, and this might potentiate the programming of adult hypertension. In fact, it is plausible to suppose that the present study supports the association of decreasing of the hypothalamic AT1 R /AT2 R ratio natriuresis with the higher blood pressure levels found in LP compared with age-matched NP rats.
